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Enhanced photic driving (PD) during high frequency flicker stimulation, the so-called H response, is a classical 
feature of migraine patients between attacks, but is thought to be of poor clinical utility. Visual inspection of the 
EEG for its detection may not be reliable, however, and data on its possible correlations with clinical features 
and migraine pathophysiology are scarce. 
We have compared visual inspection and EEG spectral analysis to detect abnormal PD in 280 consecutive 
migraine patients of our headache clinic (episodic migraine without aura, n=171; chronic migraine, n=48; 
migraine with aura, n=61) and in a group of 24 non-migrainous neurological controls. Spectral frequency 
analyses were performed blindly by one of us (YF). 
On visual inspection, 50.4% of migraineurs were thought to have increased 20Hz PD. After spectral analysis, 
only 62.4% of them had PD power superior to the mean+95%CI of the control group. Sensitivity of visually 
identified PD was 82.24%, specificity 69.36%.  
Increased PD on spectral analysis was more prevalent in episodic migraine than in chronic migraine, in patients 
with low attack frequency, in those with ictal autonomic symptoms in addition to nausea and in those with a 
strong family history of migraine. 
We confirm therefore that 20Hz photic driving is of little diagnostic utility and its prevalence in migraine 
overestimated on visual inspection. Its presence on spectral analysis of the EEG, however, might be of 
pathophysiological interest, as it identifies subgroups of migraineurs of whom the common denominator could 












































































Migraine is a complex and heterogeneous disorder, in which genetics and environment interact to generate 
dysfunctions at several levels of the central nervous system. These intricate phenomena are responsible for the 
multifaceted clinical features of the disorder and especially repetition of attacks as part of a cycling ictal-
interictal temporal profile [1]. Electrophysiological methods are particularly suited to study the functional and 
cycling brain changes associated with migraine pathophysiology [2]. Given the increased sensitivity to light 
between, and even more so during migraine attacks, many studies have focused on the EEG responses induced 
by repetitive light stimuli: photic driving (PD), steady-state visual evoked responses (SSVEPs), visual evoked 
potentials, or more recently visual-induced changes in connectivity for various EEG frequency bands [4,5]. 
SSVEPs are not generated by amplitude modulation but primarily due to phase alignment of the ongoing 
background EEG, with changes in frequency components according to the characteristics of repetitive stimulus 
[5]. The frequency components of SSVEPs are generated by magnocellular (MC), parvocellular (PC) and 
koniocellular (KC) visual pathways, differentially activated depending on the different stimulus features: the MC 
pathway is achromatic and activated by low spatial contrast stimuli, the PC pathway by both high spatial contrast 
and spectral stimuli (shape and color), the KC pathway by spectral stimuli carrying the blue/yellow color 
information. The tendency of EEG rhythms to synchronize to external repetitive stimuli varies with stimulation 
frequency in the low (approximately 10 Hz), medium (approximately 20 Hz) or high frequency range 
(approximately 40 Hz) [6]. An increased photic driving was described in the medium range in migraine patients, 
and called the H response [7]. That PD is abnormal in migraine irrespective of age and migraine subtype has 
been confirmed in other studies [8,9], although the same authors also reported greater abnormalities   of SSVEPs 
in migraine with aura, and in patients with autonomic symptoms or a family history of migraine [10]. Unlike 
visual evoked potentials [3], PD responses are not well studied over the migraine cycle, but in women they are 
known to vary over the ovarian cycle with blood levels of hormones [11].  In a recent study using brief trains of 
intermittent visual stimulation, there was no change in SSVEP amplitude throughout the migraine cycle in the 
medium frequency range [12].  
PD, if prominent, can be recognized by visual inspection of the EEG. Although it is in general subtle in non-
migrainous subjects, the limit between normal and abnormal EEG patterns may be difficult to determine on 
visual inspection. Spectral frequency analysis, now available routinely on most paper-less EEG devices, allows 




































































visual inspection in migraine patients. We undertook therefore this study to determine the prevalence of PD at 20 
Hz by visual inspection and by spectral analysis, to evaluate the diagnostic yield by comparing migraine patients 





We included from March 2012 to February 2013, 280 consecutive migraine patients aged between 18 and 65 
years consulting the Headache Clinic at Liège University. All patients fulfilled ICHD-II criteria for episodic 
migraine (EM) without (MO: ICHD-II code 1.1; n=171) or with aura (MA; 1.2.1; n=61), chronic migraine (CM: 
A 1.5.1; n=48) or medication overuse headache (MOH: A 8.2; n=37) [Table 1]. As controls we studied 24 
patients consulting the Neurology Department for symptoms other than pain and without any personal history of 




 degree relatives. We excluded participants with structural brain 
lesions, epilepsy or dementia, patients who received preventive migraine medications in the last 6 months before 
the study or high doses of psychotropic drugs, and those with another primary headache. 
We collected demographic and clinical data from all included subjects by face to face interview. Migraineurs 
were questioned about several clinical features of their headaches; i.e. attack triggers, disease duration, attack 
duration, attack frequency during the last month, ictal sensoriphobia, nausea or vomiting, number of other 
autonomic symptoms (diarrhea, syncope, conjonctival injection), acute medication use. We subdivided migraine 
with aura (MA) patients in 3 groups according to the aura characteristics: strictly visual aura (MAV), visual and 
sensory aura symptoms (MAS), visual, sensory and aphasic aura symptoms (MAP). We searched for a history of 
migraine in 4 groups of patients’ relatives (children, siblings, parents, grandparents) and gave for each group a 
score of 1 or 0 depending on presence or not of migraine.  We computed a “family history score” by summing 
the 4 scores.  
Study protocol 
 
EEG recording and light stimulation 
Participants underwent a routine EEG recording with a 10-20 system montage supplemented by a channel 




































































approximately 20 mn. The sampling rate was 256 per second. The band pass filter setting was 0.5–70 Hz. The 
subjects were lying down in a dimly lit room. Light stimulation was delivered with the standard photostimulation 
program of NicVue 2.9 at maximum intensity. Flash power was 1.0 J.  The stroboscope was positioned 30 cm in 
front of the eyes for the two trains. Intermittent photic stimulation was presented as 15 s trains for each of 5, 10, 
15 and 20 Hz frequencies with a 15 s inter-train interval. The 15 s train was delivered two times and divided in 3 
epochs: 5 s with eyes closed, 5 s with eyes open and again 5 s with eyes closed.  
EEG analysis 
We manually selected the EEG segments during photic stimulation at 20 Hz. We restricted the analysis to the 
occipital derivations (O1-P3 and O2-P4) because the dominant sources of the SSVEP signals are located in the 
occipital cortex [4, 13]. If not contaminated by artifacts, the entire stimulus period (15 s) was sampled. In the 
case of occasional movement artifacts, we used the longest artifact-free part of the segment. The Fast Fourier 
transformation application included in the Nic Vue 2.9 software yielded power per Hertz (µV
2
/Hz) spectra. We 
estimated the narrow-band driving power for each of the stimulus frequencies in question (X) ± 0.25 Hz. 
According to Nyrke et al, the contribution to the evoked signal from outside the X ± 0.25 Hz band is negligible 
[14,15]. 
JS and DM inspected visually the EEGs while YF performed blindly the spectral frequency analysis with Fast 
Fourier Transformation on occipital derivations O1-P3 and O2-P4, taking into account for further analyses the 
derivation with the greatest PD power. 
Statistical analyses 
We used STATISTICA v8.0 for statistical computations. Data are expressed as means ± SEM or 95%CI. We 
used ANOVA to compare variables. Means were compared using the Chi-square test. Spearman’s test was used 









































































Sensitivity and specificity of visual inspection for photic driving (PD) on EEG 
On visual inspection, 141 migraineurs (50.4%) were considered to have PD (VPD group), and 139 (49.6%) to 
have not (nVPD group). On spectral analysis, mean PD power at 20 Hz was 6.84 ± 2.38 μV2 in controls, 5.42 ± 
1.09 μV2 in nVPD and 15.01 ± 2.71 μV2 in VPD migraineurs. The difference in PD power between the latter and 
the nVPD group or controls was significant (Table 2). 
When the mean PD power of controls + 95% CI, i.e. 9.22 μV2, was taken as the upper threshold of normal PD 
power, 107 (38.21%) migraine patients had increased photic driving (PD+) while 173 (61.79%) had not (PD-). 
Eighty-eight out of the 141 VPD migraineurs (62.41%) were PD+, while 120 out of 139 nVPD patients (85.61%) 
were PD- (Fig. 1). Based on this criterion, sensitivity of visually identified PD was 82.24% and specificity 
69.36%. 
Clinical correlates of visually identified 20Hz photic driving 
Patients in the VPD group had lower attack frequency, lower incidence of ictal photophobia, but higher attack 
duration (Table 3). 
Clinical correlates of increased photic driving power on spectral analysis 
In the global patient population, presence of an aura was associated with increased PD power (p= 0.004), but on 
closer inspection this was mainly due to 2 outliers with values at 260.41 μV2 and 284.09 μV2. When these 2 
outliers were excluded, there was no significant difference between migraine with or without aura.  
The mean PD power for episodic migraine without aura (EM), chronic migraine (CM), migraine with aura (MA) 
and controls was respectively 10.56 ± 1.79 μV2, 6.88 ± 2.33 μV2, 11.92 ± 4.91 μV2 and 6.84 ± 2.38 μV2. It was 
higher in EM patients than in CM sufferers (p=0.046) [Fig. 2].  
Mean PD power was numerically higher in CM patients with medication overuse (n=37; 7.48±2.65 μV2) 
compared to CM without such overuse (n=11; 5.34 ± 3.92μV2, p= 0.40). 
Mean photic driving power was greater in women (11.31 ± 1.88 µV
2
) than in men (5.55 ± 1.47 µV
2
) (p= 0.004). 




































































Patients in the PD+ group had significantly lower migraine attack frequency than those belonging to the PD- 
group (p=0.04). However, they had longer attack duration (p= 0.045) and more frequently ictal autonomic 
symptoms other than nausea (p= 0.02).  Vomiting was also numerically more frequent in the PD+ (35.51%) than 
in the PD- group (30.06%), but this difference did not reach the level of significance (p=0.34).  [Table 4] 
The migraine family history score was not statistically different between the PD+ and PD- groups taken 
separately. However, when both groups were pooled, there was a significant positive correlation between PD 
power and the migraine family history score (r= 0.14, p˂  0.05). There was no significant linear correlation 
between PD power and age, disease duration, frequency or duration of attacks. 
Acute medication overuse frequency was 14.95% in the PD- group versus 14.45% in the PD+ group (p= 0.39). 
 
DISCUSSION 
The aims of our study were to determine sensitivity and specificity of visual EEG inspection for photic driving at 
20 Hz (‘H’ response) in migraine patients and to search for clinical correlates of abnormal photic driving power.  
We found a good sensitivity (82.24%) but moderate specificity (69.36%) of the visually identified photic driving 
H response in migraineurs. In a similar study Chorlton & Kane (2000) found a comparable high sensitivity 
(86.4%) but a clearly better specificity (97.5%) [16]. This difference could be due to the low number of patients 
(n=33) in Chorlton & Kane’s study contrasting with 280 patients in ours. In our study visual inspection of the 
EEG 20Hz tends to overestimate presence of abnormal PD in migraineurs, which is likely due to the fact that PD 
is not an abnormal feature of the visual cortex and not restricted to migraine. PD is often present in non-
migrainous subjects and, as shown by spectral frequency analysis, it is merely its degree that characterizes a 
subgroup of migraine patients. Whether this subgroup with enhanced PD has particular clinical features is 
obviously a question of diagnostic, and even more so, of pathophysiological interest. 
PD power on spectral EEG analysis was on average not different between migraineurs and controls in our study. 
This is in line with the majority of studies that evaluated the utility of the H response on EEG to distinguish 
migraine from normal subjects, or migraine from other headache types [17]. In a few studies, nonetheless, PD 
was found useful to discriminate primary headaches sufferers (migraine and tension type headache) from 




































































We included patients without taking into account the period in their migraine cycle. Reactivity of the cerebral 
cortex, as explored by evoked potentials, was shown to vary with the migraine cycle [20]. However, there seems 
to be no significant variation of steady state visual EEG evoked-responses (SSVEPs) in the medium frequencies 
range (15-30 Hz) over the migraine cycle [7, 12, 21]. 
We found that attack frequency was significantly lower in the group of patients with an abnormal PD power. PD 
power was also significantly superior in episodic migraine as compared to chronic migraine. This could be 
related to the changes in visual cortex responsiveness over the migraine cycle [20, 22] and between episodic and 
chronic migraine [23]. For instance, during stimulus repetition, EEG and magnetoencephalographic visual 
evoked responses lack habituation in episodic migraine between attacks, but habituate normally during attacks 
and in chronic migraine [24, 25, 26]. Since the response pattern in chronic migraine is indistinguishable from 
that found during attacks in episodic migraine, it was suggested that chronic migraine patients are locked in an 
“ictal-like state” [23, 27]. Patients with a high attack frequency are at greater risk of being recorded close to an 
attack than those with a low number of monthly attacks. Thalamo-cortical dysrhythmia could be responsible for 
the changes in habituation [28, 29]. Whatever the underlying mechanisms might be, however, the differences in 
habituation pattern could explain why amplitude of the responses induced during repetitive flicker stimulation at 
20Hz would not decrease interictally in episodic migraine producing an increased PD power on spectral analysis, 
while in chronic migraine PD power would be lower because of a normal habituation of the evoked activities. 
Acute medication overuse was present in most of our chronic migraine patients, but we found no significant 
difference in 20Hz PD power between patients with and without overuse. 
 
The higher mean 20 Hz PD power in migraine with aura patients was due to two outliers with exceptionally high 
power. When these patients were excluded, there was no significant difference anymore compared to migraine 
without aura. Some authors found an increased SSVEP in migraine with aura compared to migraine without aura 
[10], but others found no such difference [12]. From a pathophysiological point of view, it is of interest that 
migraine with aura, a condition where the visual cortex is susceptible to cortical spreading depression and 
thought to be hyperexcitable, is not associated with a PD power superior to migraine without aura, except in rare 
patients.  
Ictal autonomic symptoms were more frequent in migraineurs with abnormal PD power on spectral analysis. 




































































straightforward explanation for this relationship. The hypothalamus could be a common denominator as long as 
one accepts that it may mediate some of the autonomic features of migraine attacks. The hypothalamus may 
indeed influence cortical responsiveness via GABA-ergic connections with the reticular nucleus of the thalamus 
(TRN) [30]. The TRN is an important component of the circuitry that is malfunctioning in thalamo-cortical 
dysrhythmia [31], a proposed mechanism for the abnormal interictal cortical responsiveness in migraine [27].   
In our subjects, PD power was significantly greater in women than in men. A sexual dimorphism of PD was not 
studied or reported in previous studies. Such dimorphism is present in migraine and sex hormones are well 
known to modulate cortical excitability in humans and in animals [32]. Unfortunately, in our study we have no 
information about the stage of the menstrual cycle during which recordings were performed.   
A strong family history of migraine was significantly correlated to PD power at 20 Hz in our patients. This is in 
accordance with a study of SSEVP at mean frequencies (21, 23 and 27 Hz) where a positive family history of 
migraine was linked with a significant increase in visual reactivity over the temporo-parieto-occipital regions 
[10]. By contrast, another study found a negative correlation between family history of migraine and photic 
driving power at 12 Hz [12]. Genetic factors are likely to influence the response of visual cortical areas to flicker 
stimulation, and this influence may depend on the frequency range of stimulation. Evidence for such a genetic 
relationship also comes from the study of visual evoked potentials [33] and contingent negative variation [34].  
To conclude, photic driving of the EEG at 20Hz flicker stimulaion per se is by no means specific to migraine 
patients, but present in the majority of individuals. What characterizes a subgroup of migraineurs is the increased 
power developed in the 20Hz frequency band during this stimulation. Searching for 20Hz photic driving by 
visual inspection of EEG traces overestimates the prevalence of an H response in migraine patients. With 
spectral frequency power analysis, almost 38% of patients have interictally a significant increase in power during 
20Hz photic stimulation compared to non-migrainous controls. These patients are more likely to suffer from 
episodic migraine, to have a low attack frequency, to have ictal autonomic symptoms in addition to nausea and 
vomiting, to have a family history of migraine and to be females.  
Although enhanced PD is of little utility for diagnosing migraine or its subtypes, this study suggests nonetheless 
that it may identify subgroups of migraine patients in whom lack of habituation of cortical responses during 
repetitive stimulation could be the common denominator. This hypothesis can be tested in a study combining 
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Fig. 1 The upper part shows illustrative examples of the frequency power spectra during 20 Hz intermittent flash 
stimulation of a migraine patient with low photic driving power (nVPD; 3.2 µV, left) and of another patient with 
high photic driving power (VPD; 45.26 µV
2
, right). The lower part shows the distribution of individual values of 
photic driving power (µV
2
) at 20 Hz in 139 patients without (nVPD) and 141 patients with visually identified 
photic driving (VPD). The horizontal bars in both groups indicate means, the dashed horizontal lines ± 95% CI 
of PD power in the control group 
 
 
  Fig. 2 Photic driving power (mean ± 95%CI) in migraine subtypes and controls. 
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     = 15.01 (2.71)
    Mean( 95% CI)
     = 5.42(1.09)












Table 1 Distribution of subjects according to their diagnoses 
 
$
MAV, MAS, MAP: migraine with visual, sensory, aphasic aura respectively. 
 
Diagnoses Migraine without aura (MO) 
(n= 219) 
    
$
Migraine with aura (MA) 
                 (n= 61) 
                        Controls 








(n= 37 with 
medication 
overuse) 
  MAV 
 (n= 59) 
  MAS 
 (n= 18) 
MAP 
(n=  6) 
Anxiety & memory complaints ( n= 9) 
Vaso-vagal syncope ( n= 5) 
Routine neurological work-up (n= 4) 
Malingering (n= 3) 
Bell’s palsy (n= 2) 
Myopathy (n= 1) 
Table
 Table 2 Statistical comparison of photic driving power between the 3 groups of patients, with 
 migraine patients subdivided into those with (VPD) or without (nVPD) 20Hz photic driving 
 identified on visual inspection of the EEG 
 t-value p-value 
VPD vs nVPD 6.395 ˂  0.00001 
nVPD vs 
$
Ctr -0.992 0.32 
VPD vs Ctr 2.405 0.017 







Table 3 Demographic and clinical features of the study population with migraine patients subdivided into those 
with (VPD) or without (nVPD) 20Hz photic driving identified on visual inspection of the EEG 
 
(*p<0.05, **p<0.001, ***p<0.0001 VPD vs nVPD group) VPD: visually-identified 20Hz photic driving; nVPD: 
no photic driving identified visually 
 
 
                                 Migraine patients 
  Controls 
    Patients VPD group nVPD group 
Age  37.21 ± 12.10 38.88 ± 12.17 35.26 ± 12.07 38.84±14.32 
Male (%) 19.3
 
12.86 25.90 24.0 
Disease duration 
(Months) 
173.88 ± 124.78 181.77 ± 129.13 165.86 ± 120.13  
Migraine with aura(%) 21.79 20.57 22.30  





Attack duration (h) 31.93 ± 24.65 35.82 ± 25.65** 27.99 ± 23.03  
Ictal Photophobia (%) 82.14 76.6* 87.77  
Nb of Attack triggers 0.66 ± 1.02 0.77 ± 0.42 0.57 ± 1.0  
Family history score 
(0-4) 
1.22 ± 0.92 1.29 ± 0.98 1.15 ± 0.86  
Photic driving power 
at 20 Hz (µV
2
) 
9.46  ± 1.37 15.01 ± 2.71 *** 5.42 ± 1.09 6.84 ± 2.38 
Table
Table 4 Demographic and clinical features of subjects according to their photic driving power on spectral 
analysis  
                            Migraine patients          Controls 
All Patients PD+ group 




    
N (%) 280 107 (38.21) 173 (61.79)              24 
Age 37.21 ± 1.42 38.32 ± 2.40 36.52 ± 1.75     38.84 ± 14.32 
Male (%) 19.3 12.15* 23.70              24 
Disease duration (Months) 173.88 ± 14.62 180.91 ± 24.74 169.53 ± 18.07  
Migraine with aura (%) 21.79 22.43 20.81  
Episodic migraine (%) 61.07 64.49 58.96  
Chronic migraine (%) 17.14 12.15 20.23  
Migraine days/month 8.46 ± 1.07 7.10 ± 1.47* 9.30 ± 1.47  
Attack duration (h) 31.93 ± 2.89 35.68 ± 5.06* 29.62 ± 3.44  
Ictal photophobia (%) 82.14 81.31 82.66  






other than nausea (Nb) 
0.18 ± 0.06 0.26 ± 0.11* 0.13 ± 0.06  
Attack triggers (Nb) 0.66 ± 0.12 0.69 ± 0.19 0.65 ± 0.15  
Family history score 
 (0-4) 
1.22 ± 0.11 1.33 ± 0.17 1.16 ± 0.13  
Acute Medication Overuse 
(%) 
14.64 14.95 14.45  
Photic driving power  
at 20 Hz (µ V
2
) 
9.46 ± 1.10 20.37±3.28*** 4.05 ± 0.34        6.84 ± 2.38 
 
*
p˂ 0.05, *** p˂ 0.0001 PD+ vs PD- group. PD+ : photic driving power > mean of controls + 95%CI ; PD- : PD 
power < mean of controls + 95% CI . 
 
Table
